Introduction {#sec1}
============

During the current global crisis unleashed by the severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) outbreak, health systems have focused their efforts on the treatment of this disease. Surgical departments have dramatically reduced the number of elective surgeries with the aim of protecting health workers and keeping the largest amount of available resources, mainly intensive health care units and mechanical breathing assisting equipment, for the treatment of patients with acute breathing symptoms caused by SARS-COV-2.[@bib1], [@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18]

An example of this strategy is the recommendation sent out on March 13, 2020 by the American Committee of Surgeons to "minimize, postpone or cancel the selective programmed surgeries."[@bib19]

On the other hand, patients who do require surgery are treated by experienced surgeons, and the number of residents helping them during the procedure is reduced, with the aim of reducing the surgical time, minimizing the use of personal protection equipment, and taking care of the health of those surgeons during the learning period.[@bib7], [@bib20]

Moreover, many resident programs have chosen to reduce the amount of hours per week, organizing rotations by series of work with the goal of reducing the internal transmission of virus within the health care services, allowing backup options if any resident becomes ill or needs to be isolated.[@bib5], [@bib6], [@bib15], [@bib16], [@bib17], [@bib21]

This situation inevitably reduces time in the operating room to develop and improve surgical skills for residents.[@bib1], [@bib22], [@bib23] To avoid leisure time or inactivity for residents during the virus outbreak, virtual conferences and presentations with videoconference technology have been chosen to maintain academic training.[@bib6], [@bib8], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28]

Nevertheless, the question arises of whether it is possible to adapt a training program in surgical specialties in which hands-on skills are required. Because it is not possible to know the exact impact that isolation and social distancing may have on surgical practice in general, and residents under training in particular, a training program needs to be adapted to the current situation.

One of the necessary elements in microsurgical training is the surgical microscope. However, diverse and alternative means of magnification sources have been proposed to take training out of the hospital area. One of these options, which is within everyone's reach, is the smartphone.[@bib29], [@bib30]

We introduce a model of training for acquiring and maintaining microsurgical skills at home, based on the use of simulators that have previously been described, using a smartphone camera and affordable and low-cost materials.

Methods {#sec2}
=======

From March 16 to April 16, 2020, 6 participants of the program for neurosurgical residents of the Department of Neurological Surgery of Hospital "El Cruce," Buenos Aires, Argentina performed a training skills program at home ([Table 1](#tbl1){ref-type="table"} ).Table 1ParticipantsParticipantsSkilled HandPostgraduate Year1Right12Right23Right24Right45Right46Right5

Each participant used the back camera of their smartphone as a magnification device (Redmi Note 8 \[Xiaomi, Rainbow City, Beijing, China\], iPhone 7, and iPhone XR (Apple, Cupertino, California, USA), with a minimum resolution of 12 megapixels, and amplification of 5×, which is compatible with the 25× objective of a surgical microscope. We used a modified shoe box as a support ([Figure 1](#fig1){ref-type="fig"} ). This modified shoe box served not only as a support but also allowed various instruments to be passed through it from the sides ([Figure 2](#fig2){ref-type="fig"} ).Figure 1Assembly of cell phone support using a shoe box. (**A**) In the back surface of the box, the cell phone contour is drawn. Inside, 4 tabs are drawn (*dotted lines*). (**B**) A cut is made along the dotted lines, the rectangle disposed, and the tabs inverted to the interior of the box. (**C**) The cell phone is placed with the screen upward. (**D**) The lateral surfaces of the box are cut and the support system is ready to use.Figure 2Participant training at home.

Each participant was given a set of instruments necessary to perform this program at home. Each set included microsurgical forceps (×2), scissors, surgical gauze (×5), and adhesive tape.

Before the beginning of the program, each participant had the chance to watch an explanatory video of each exercise.

Exercises {#sec2.1}
---------

### Coloring Sheets Measured in Millimeters {#sec2.1.1}

Aim

The aim was to exercise fine movements to improve microsurgical precision.

Materials

Materials included a microfiber 0.5 mm grain and a strip of electrocardiogram (ECG) paper (5×5 cm) or any paper measured in millimeters.

A 5×5 cm electrocardiogram paper was used for this exercise. The largest amount of 2×2 mm microgrids were meticulously colored in 30 seconds. Two consecutive microgrids could not be colored, and a free one had to be left among the colored ones ([Figure 3](#fig3){ref-type="fig"}).

Unraveling of a Gauze {#sec2.2}
---------------------

### Aim {#sec2.2.1}

The aim was to provide training in forceps movements and secure support of the hands in the microsurgical technique.

### Materials {#sec2.2.2}

Materials included 1 surgical gauze, 1 straight and curve forceps Dumont type number 3, 5, or 7, 1 small pair of scissors or scalpel blade number 11 and an adhesive tape.

A sole layer of gauze was placed on a surface with a contrasting color to provide a better view. Gauze boundaries were fixed to the surface with adhesive tape. A thread of the weave was cut in the middle of the gauze. The edge was taken with a straight forceps and then passed to the other hand and so on, never letting the thread fall. Once the thread length was approximately 5 cm, the exercised was repeated with the nondominant hand ([Figure 4](#fig4){ref-type="fig"} ).Figure 3Grid coloring exercise.

Knot {#sec2.3}
----

### Aim {#sec2.3.1}

The aim was to exercise coordination movements required for performing microsurgical knots and also to encourage motor development of the nondominant hand.

### Materials {#sec2.3.2}

Materials included 1 surgical gauze, 2 straight and curve forceps Dumont type number 3, 5, or 7, 1 small pair of scissors or scalpel blade number 11, an adhesive tape, and a dark-colored sewing thread 100/2 thickness.

The surgical gauze was placed as described in the previous exercise. A 4-cm sewing thread piece was placed beneath 2 parallel threads of the gauze. Then, a knot was made with the sewing thread, putting together the 2 threads of the gauze. The exercise was repeated 5 times with each hand ([Figure 5](#fig5){ref-type="fig"} ).Figure 4Unraveling of the gauze.

Grouping Colors {#sec2.4}
---------------

### Aim {#sec2.4.1}

The aim was to train speed in fine movements and associative capacity.

### Materials {#sec2.4.2}

Materials included 3 bottle lids, 15 sweet candies (such as Tic Tac \[Ferrero del Ecuador S.A., Quito, Ecuador, Italy\]) of 3 different colors (5 of each color), and 1 dissection forceps.

The bottle lids, which were used as the sweet candy containers, were placed in the center of the training field. Afterwards, the candies were randomly spread around the containers. Candies were grouped by color in a corresponding container in the least time possible ([Figure 6](#fig6){ref-type="fig"} ).Figure 5Suturing and tying on the gauze.

Tower of Hanoi {#sec2.5}
--------------

### Aim {#sec2.5.1}

The aim was to develop executive functions. Besides exercising surgical skills, this exercise evaluates the ability of planning and problem-solving activities.

### Materials {#sec2.5.2}

Materials included 5 metallic washers increasing in size, 3 bars/screws adapted in series, 2 cm between each, on a wooden base measuring 5×10 cm and 2 straight or curved forceps Dumont type number 3, 5, or 7.

This is an exercise elaborated by the French mathematician Edouard Lucas in 1883.[@bib31], [@bib32] It consists of 3 bars and a variable number of discs. These were placed in a decreasing way in one of the bars, forming a pyramid. The discs should be moved to form a new pyramid, using the least number of movements possible, moving 1 disc at a time and in a decreased manner (no larger disc can be placed over a smaller one).

We selected 5 metallic washers (or discs) increasing in size available at a local market, which were colored for a pleasing visual appearance ([Figure 7](#fig7){ref-type="fig"} ).Figure 6Associating colors.Figure 7Tower of Hanoi exercise.

Training Program {#sec2.6}
----------------

The exercises are performed once a day, 3 times a week during an initial period of 4 weeks. It has been suggested that the training should be performed as the first activity of the day.

The participant must record their time with a chronometer and film their practice for a subsequent control with a designated tutor.

Participants were given auto examination papers to record the time and the achievements reached by each participant (see [Appendix A](#appsec1){ref-type="sec"}).

Series of Exercises To Be Performed First with the Dominant Hand and Then with the Nondominant One1)Coloring the grid2)Grouping colors3)Unraveling of the gauze4)Knots5)Tower of Hanoi

This sequence of exercises was repeated in the subsequent training activities during the 4 weeks that the program lasted.

Once the participants finished the exercises, they anonymously filled out a form (satisfaction survey) to show if they considered these exercises useful in keeping their skills active and improving them (see [Appendix B](#appsec2){ref-type="sec"}).

Data and videos from the training sessions were gathered during the first training (baseline) and last training (final).

We compared skill performance in 5 exercises at the beginning and at the end of the training process in 6 participants. The ongoing variables were the time to conclude an exercise or the amount of tasks performed. A Wilcoxon test was used to compare our matches at the beginning and at the end of the process. The test was performed with SPSS version 25 (IBM Corp., Armonk, New York, USA).

Results {#sec3}
=======

Six residents concluded the 12 repetitions of training. When comparing performance at the beginning and at the end of the training process (exercise 1 vs. exercise 12), we found significant improvements (*P* = 0.05) with the dominant hand as well as with the nondominant hand ([Supplementary Table 1](#tblS1){ref-type="table"}).

When the anonymous surveys filled out by the participants were evaluated, all reported being satisfied or very satisfied with the definition of the goals of the training process, the availability of materials, the exercises performed, the choice of the time to train, and in general, they reported satisfaction with the training program as a whole ([Table 2](#tbl2){ref-type="table"} ).Table 2Satisfaction SurveyEvaluation ParametersVery UnsatisfiedUnsatisfiedNeutralSatisfiedVery SatisfiedDefinition of training objectives33Materials availability6Exercises performed24Possibility to choose the moment to train15Overall satisfaction26

Discussion {#sec4}
==========

During this time of social isolation, restriction of learning activities, and limitation of surgical procedures with the aim of reducing the SARS-COV-2 transmission, protecting health workers, and optimizing the use of institutional resources for the treatment of this disease, there is a need to create alternative solutions that allow us, together with health care activities, to continue with training programs in surgical specialties, because the main element that we seek to develop is not the innate talent of a surgeon but the ongoing training process.[@bib8], [@bib33] Although simulation training should be an integral part of every neurosurgical training program, the pandemic exacerbates that need.

Because during this current situation residents will spend an uncertain amount of time out of the operating room, home training is required. There are existing training models, such as that described by Belykh and Byvaltsev,[@bib34] but using a portable microscope. In our case, not all residents could afford a microscope, and therefore, it was necessary to look for alternative sources of magnification that allow us to compensate for the lack of microscope during training.

Top-range smartphones with high-resolution cameras may be used as alternatives.

In 2014, Kim et al.[@bib30] described the first training with these alternative methods of magnification. In that study, the participants performed vascular anastomosis in synthetic 2-mm vessels using 8-0 sutures and a smartphone as a source of magnification. Huotarinen et al.[@bib29] also use smartphones to train in fields with greater magnification, but unlike Kim et al., who use a support arm to keep the smartphone stable, Huotarinen et al. attached it to a coffee cup.

With the objective of using the smartphone screen to perform the exercises, and to avoid the use of direct vision, we decided to adapt a shoe box as a support for the smartphone while performing exercises within it.

The main limitation of the smartphone as a source of magnification is the lack of stereoscopic vision that a surgical microscope provides.

However, the lack of stereopsis has been compensated for by proprioception. For instance, the lack of depth has been replaced through the contact of the 2 forceps, or a forceps and some other element of the exercise. This strategy allowed participants to improve significantly the time of exercise completion after an initial adaptation period. It has been previously shown that microsurgical performance under two-dimensional visualization is possible but requires more time and may be not so effective, compared with a three-dimensional visualization.[@bib35], [@bib36]

Because two-dimensional visualization of a smartphone resembles the view obtained during laparoscopic procedures, several investigators have encouraged its use as an image source for training in laparoscopic skills.[@bib37], [@bib38]

There are previous reports of using smartphones as magnification devices for microsurgical training.[@bib29], [@bib30] Based on these reports, we developed a training program using materials easily found at home, with the aim of maintaining progress of training residents.

During the COVID outbreak, many surgical departments have considerably reduced the number of procedures that they perform. This reduction could lead to a negative impact on trainees. Like other investigators, we believe that surgical simulators could mitigate the effects of COVID in formation of residents.[@bib39], [@bib40], [@bib41], [@bib42], [@bib43]

The outcome, in our experience, shows a significant improvement with both hands in manual skills performance, after training (i.e., all participants improved, regardless of their previous level of skill).

The record of activities in the sheet provided allowed the participant not only to be self-examined but also to be objectively assessed by a "blind" tutor. The tutor was asked not only to evaluate the rate of improvement in the participants' skills but also to give positive feedback regarding the skills to maintain and those to improve with further training.

Each participant filled out an anonymous survey when they finished the training program. All participants reported being satisfied with the program and with the opportunity to perform microsurgical training at home with affordable materials. One of the items that caused greatest satisfaction was the chance to choose the time of day to perform the training program. Regarding the affordable and easily found materials used, all participants agreed that the program allowed them to continue to improve their skills and hand--eye coordination when surgical activity is severely limited. Moreover, many participants mentioned that using materials similar to those used in regular surgical practice could be of greater benefit; however, the cost increase would negatively affect accessibility of such training. The exercises using surgical gauze were considered most similar to normal surgical practice.

Special attention should be given to the exercise named tower of Hanoi, which allowed participants not only to improve their performance with both hands but also to improve on planning the next movement to achieve the goal of the exercise with the least amount of movements and time possible. Consequently, the exercise stimulates not only manual performance but also cognitive activity. This exercise was the only one that showed a better performance with the nondominant compared with the dominant hand. We believe that this result may be because the movement of the forceps in this exercise was widely developed by the surgeon's nondominant hand.

All participants believe that the training program had a positive impact on their professional practice, because it allowed them to obtain skills, improve coordination, and make delicate movements with better precision in a controlled environment.

Conclusions {#sec5}
===========

We introduced a microsurgical practice program to be performed at home, which makes it easily reproducible. It also allowed participants to improve their manual coordination skills, making it a feasible adjunct for the ongoing training of surgical residents.

Appendix B. Satisfaction SurveyPlease indicate your level of satisfaction {#appsec2}
=========================================================================

Parameters for EvaluationVery UnsatisfiedUnsatisfiedNeutralSatisfiedVery SatisfiedDefinition of objectivesMaterials availabilityExercises performedPossibility to choose the moment to practiceOverall satisfaction --Have you enjoyed the Home Training Programme?--Do you have any opinion about using easily available materials?--Do you think training should be performed with similar materials that you would find in your daily practice? Or believe that the skills acquired depend more on the exercise performed than on the materials?--Which exercise do you consider to be more similar to your daily practice?--Do you think that the training will improve your professional practice? If your answer is positive, please detail.--If you have any comments write them down:Thanks for your participation! Supplementary Table 1Comparison of Performance at the Beginning and at the End of TrainingHandStageMedianInterquartile Range*P* ValueGrid coloring in 30 seconds[∗](#tblS1fnlowast){ref-type="table-fn"} LeftInitial4.03.05.30.042Final5.54.47.3 RightInitial6.53.57.60.027Final8.87.610.3Associating colors[†](#tblS1fndagger){ref-type="table-fn"} LeftInitial45.542.363.30.028Final28.527.034.3 RightInitial46.541.061.00.028Final29.024.332.7Unraveling of the gauze[†](#tblS1fndagger){ref-type="table-fn"} LeftInitial298.5213.8741.80.028Final262.5112.8339.3 RightInitial370.0230.3608.30.028Final206.0106.5304.8Knots[†](#tblS1fndagger){ref-type="table-fn"} LeftInitial223.0114.5468.00.028Final94.561.8125.0 RightInitial122.098.3295.50.028Final63.548.0194.0Tower of Hanoi[†](#tblS1fndagger){ref-type="table-fn"} LeftInitial193.5178.0254.80.028Final108.096.5151.0 RightInitial232.5164.0350.30.028Final100.587.5144.0[^1][^2]

Appendix A. Self-Assessment FormComplete this form at the end of your daily training sessionSession Training \_\_ of 12. {#appsec1}
========================================================================================================================

Left HandRight HandMicrogrids colored within 30 secondsOrder color pills (time to complete the exercise in seconds)Time to complete Unraveling of the gauze (time to complete the exercise in seconds)Knots on surgical gauze (time to complete the exercise in seconds)Tower of Hanoi (time to complete the exercise in seconds)
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[^1]: Variable: number of colored squares in 30 seconds.

[^2]: Variable: time in seconds.
